Background and objectives Rituximab and intravenous Ig (IVIG) are commonly used for desensitization of HLA and blood group-incompatible (ABOi) transplants. However, serious infections have been noted in association with rituximab administration. In this study, we retrospectively compared infectious outcomes in those who received rituximab plus IVIG for HLA or ABOi transplants (RIT group) with a group of nonsensitized, ABO-compatible transplant recipients (non-RIT group).
Introduction
An increasing portion of the kidney transplant waiting list consists of broadly HLA-sensitized (HS) patients and patients with blood type-incompatible (ABOi) living donors. HS patients are more likely to remain on the kidney transplant waiting list and may never receive a transplant. Those with blood typeincompatible living donors contribute to the growth of the wait list and must now wait years for a deceased-donor allograft. Rituximab (anti-CD20, anti-B cell) with intravenous Ig (IVIG) is used in HLA and blood type-incompatible desensitization protocols and improves transplantation rates in HS patients (1) (2) (3) (4) (5) (6) . In addition, ABOi protocols using rituximab have demonstrated short-and long-term outcomes similar to ABOcompatible living donor allografts (6 -9) .
There are conflicting reports regarding the rate and severity of infections in patients who receive rituximab for transplant-related diagnoses (6, 10) . A trend toward an increased rate of bacterial, viral, and fungal infections has been reported after rituximab administration in kidney transplant patients who received rituximab for ABOi or positive crossmatch transplantation (11) (12) (13) (14) (15) (16) . The safety of rituximab use has also been reported in kidney transplant recipients (9, (17) (18) (19) (20) . For HS patients who received rituximab with IVIG and alemtuzumab induction, no increased rate of infection was seen (19) . Here we report infectious outcomes in kidney transplant recipients who received rituximab and IVIG for desensitization compared with a group of nonsensitized patients who received ABO compatible allografts without rituximab or IVIG.
Materials and Methods
The study was approved by the Institutional Review Board at Cedars-Sinai Medical Center. We included all patients who underwent kidney transplantation at Cedars-Sinai Medical Center between January 2007 and February 2010 (n ϭ 361). One group consisted of low-risk patients who were not HS and did not receive IVIG or rituximab before transplanta-tion (non-RIT group). Outcomes were then compared with a second group that consisted of HS patients who received desensitization for HLA antibodies or ABOi transplantation (RIT group). The primary outcome was the occurrence of any bacterial, viral, or fungal infection. Bacterial and fungal infections were defined by a positive culture or symptomatic presentation. We defined cytomegalovirus (CMV) viremia as greater than 50 copies/PCR (500 ng of total DNA/PCR) and polyomavirus BK (BKV) viremia as greater than 2500 copies/ml plasma or when treatment was initiated despite a lower viral load. CMV disease was diagnosed by the presence of viral symptoms or organ involvement in the presence of CMV viremia. BKV-associated nephropathy (BKAN) was diagnosed by the presence of viral inclusions or a positive SV-40 stain on allograft biopsy. Serious infections were considered as those associated with a positive blood culture or those requiring hospitalization.
Infection Monitoring and Prophylaxis
Antimicrobial prophylaxis was administered as described previously (3) . All recipients who received rituximab, lymphocyte depleting induction, or were Dϩ/RϪ received valganciclovir for CMV prophylaxis. Acyclovir was administered to all other patients for viral prophylaxis. Pneumocystis jirovecii pneumonia (PCP) and viral prophylaxis were given for 3 months post transplant. This was extended to 6 months post transplant in 2008. Plasma BKV and whole blood CMV viral surveillance was done by PCR at 1, 2, 3, 6, 9, and 12 months post transplant. Additional viral testing was done when clinically indicated.
Desensitization Protocols
Patients designated as HS received two doses of IVIG (2 g/kg; maximum, 140 g), 1 month apart, with one dose of rituximab (1 g) given between the IVIG doses (3). Patients receiving an ABOi allograft received immunosuppression with mycophenolate mofetil 1 month before transplant, rituximab (1 g) 3 weeks before transplant, and five sessions of plasmapheresis (PE) followed by one dose of IVIG (2 g/kg; maximum, 140 g) after the final PE. The number of PE sessions did not vary with the degree of sensitization. All of the patients with an acceptable crossmatch (CXM) and anti-A/B titer Յ1:8 were transplanted as described previously (2, 3, 21) .
Immunosuppression
All patients received induction immunosuppression. Maintenance immunosuppression consisted of a calcineurin inhibitor, mycophenolate mofetil, and prednisone. Target tacrolimus levels for those that received a lymphocytedepleting agent were 7 to 9 ng/ml for the first 6 months, 5 to 7 ng/ml for months 7 to 12, and 4 to 6 ng/ml thereafter. Target levels for those who received an IL-2 receptor antagonist were 8 to 10 ng/ml for the first 3 months, 7 to 9 ng/ml for months 4 to 6, 5 to 7 ng/ml for months 7 to 12, and 4 to 6 ng/ml thereafter. Patients treated with a lymphocyte-depleting agent received an initial dose of 500 mg twice daily of mycophenolate mofetil, whereas patients who received an IL-2 receptor antagonist received 1000 mg twice daily as tolerated. Prednisone was tapered to 5 mg daily over 2 to 4 weeks. Cell-mediated rejection (CMR) and antibody-mediated rejection (AMR) were treated as described previously (3) . Those patients with severe CMR (Banff grade 2) or refractory to methylprednisolone received anti-thymocyte globulin (cumulative dose, 6 mg/kg).
Statistical Methods
Demographic variables were collected on all patients. Other variables collected included patient follow-up, dialysis vintage, induction type, and transplant type (living versus deceased). Univariate analysis was done for continuous variables using unpaired, two-sample t tests. Univariate analysis for categorical variables was done using the chi-squared test. Univariate and multivariate logistic regression was done to test for association of variables between the groups. Survival estimates were determined by Kaplan-Meier product limit method.
Results

Baseline Characteristics
A total of 361 patients were included in the analysis, 170 (46%) of whom underwent desensitization with rituximab and IVIG (RIT group). Among those in the RIT group, 26 received an ABOi allograft. Six of the ABOi recipients were also designated as HS. Baseline characteristics are shown in Table 1 . Recipients undergoing desensitization were more likely to be female and have a living donor. More recipients undergoing desensitization received a lymphocyte-depleting agent, mostly alemtuzumab, for induction immunosuppression.
The degree of sensitization is shown in Table 1 . Eightyfive percent of the RIT group had a panel reactive antibodies level of Ͼ10%, with over half having a panel reactive antibodies level of Ͼ80%. Sixty-five (38%) patients in the RIT group had a positive T-flow CXM. Seven HS patients had a persistently unacceptable CXM and received PE as part of their desensitization. Donor specific antibody (DSA) data were available for 142 HS patients, 92 (65%) of whom had DSA present. Fifty-four had both Class I and II, 21 had only Class I, and 17 had only Class II. Twenty-one patients had strong binding DSA by luminex single antigen beads (Mean Fluorescence Intensity Ͼ10,000). In addition, 61 had multiple DSA present at the time of transplant.
Patient and Graft Survival
Overall patient and graft survival were 97 and 90%, respectively. There was no difference in patient and graft survival in the two groups (Table 2 ). Five deaths occurred in the RIT group, and seven occurred in the non-RIT group. Infection was the cause of death in four patients (1%), two from each group. One death from each group resulted from fungal infection and bacterial infection. One death in the non-RIT group was secondary to Epstein-Barr virus negative post transplant lymphoproliferative disorder. There were no patients with post transplant lymphoproliferative disorder in the RIT group. Death-censored graft survival was 93% and was not significantly different in the groups.
Overall Infections
There were 88 patients (52%) in the RIT group and 103 patients (54%) in the non-RIT group diagnosed with an infection during the follow-up period ( Table 2 ). The cumulative incidence of infection was similar in both groups, and most infections occurred during the first 3 months post transplant (Figure 1) . A total of 163 infections in the RIT group and 208 infections in the non-RIT group were identified. Urinary tract infection (UTI) was the most common, accounting for 50% of all infections. There were comparable rates of bacterial, viral, and fungal infections between the groups (Table 2 ). There was no difference in the rate of serious infections (Figure 2) . A total of 51 serious infections in 39 (23%) patients and 67 serious infections in 49 (26%) patients were seen in the RIT and non-RIT groups, respectively (Table 3) .
Univariate regression for association of variables with infection showed deceased donor and age to be the only variables associated with infection (Table 4) . However, these variables were NS in the multivariate model. Lymphocyte depletion was not associated with infection in the univariate or multivariate model. There was a nonsignificant trend for age, gender, and rejection to be associated with infection. We also performed a subgroup analysis for the use of lymphocyte-depleting agents in the RIT and non-RIT groups. There was no difference in infectious outcomes among the four groups ( Figure 3 ).
Bacterial Infections
Bacterial infections were the most commonly observed, occurring in 53% of patients. There was no difference in the rate of bacterial infections in the RIT and non-RIT groups (Table 2) . UTI accounted for 50% of all bacterial infections. Other causes of bacterial infections included sepsis (urinary and nonurinary source) and wound infections. Serious infections included hospital admission for pyelonephritis, sepsis, and abscess (Table 3) . Twenty-four (13%) cases of sepsis were seen in the non-RIT group, whereas 10 (6%) occurred in the RIT group. Cholecystitis, diverticulitis, and appendicitis were diagnosed in the RIT group but not in the non-RIT group (Table 3) . One death in each group was related to bacterial infection from sepsis.
Viral Infections
The rate of viral infections was similar in the two groups. Twenty-two percent of patients in the RIT group were diagnosed with viral infections compared with 25% in the non-RIT group (Table 2) . There were more patients with serious viral infections in the non-RIT group compared with the RIT group (Table 3) . There were no patients with reactivated hepatitis B or hepatitis C. There were no patients with progressive multifocal leukoencephalopathy. The most common viral infections were CMV and BKV viremia.
CMV infections were reported in 10% of the RIT group and 15% of the non-RIT group. CMV was the most common viral infection diagnosed in the non-RIT group. We compared the rate of CMV viremia among those in the non-RIT group who received valganciclovir with those who received acyclovir for antiviral prophylaxis. There were more patients with CMV viremia in the subgroup that received valganciclovir within the non-RIT group (P ϭ 0.009). We also compared the rate of CMV viremia in patients who received valganciclovir in the RIT and non-RIT groups. There were 17 (10%) patients in the RIT group and 22 (22%) in the non-RIT group who developed CMV infection (P ϭ 0.01). There was one patient with tissue invasive CMV disease in the RIT group and 13 patients in the non-RIT group. Average time to CMV infection was 178 days.
We found BKV to be the most common viral infection in the RIT group, accounting for 40% of all viral infections. There were 18 patients (11%) with BKV infection in the RIT group compared with 11 (6%) in the non-RIT group. There appeared to be a trend toward more BKV infection in the RIT group (Table 2) . However, there were only two patients with BKAN in the RIT group and one in the non-RIT group. No graft losses caused by BKAN were seen. Overall, five patients with low grade BKV viremia (Ͻ2500 copies/ml plasma) were identified and treated by lowering immunosuppression. One case of BKV viremia (3200 copies/ml plasma) resolved without intervention.
Fungal Infections
The rate of fungal infection was 6% in the RIT group and 5% in the non-RIT group (P ϭ 0.46). The most common fungal infections were UTI and oral candidiasis. A total of 12 patients developed a serious fungal infection: five in the RIT group and seven in the non-RIT group. Serious fungal infections are detailed in Table 3 . Two patients with PCP were identified in the non-RIT group. There were two deaths related to fungal infection: one in each group (Ͻ1%). One death was related to coccidioidomycosis in the RIT group and cryptococcus in the non-RIT group. Most fungal infections occurred within the first 6 months after transplantation. Overall, fungal infections were more common before changing the fungal prophylaxis strategy; however, this was not statistically significant.
Rejection
There were more rejections observed in the RIT group. The rate of rejection is shown in Table 2 . In the RIT group, 26 had AMR, 14 had CMR, and seven had evidence of both. Fourteen were treated with PE, IVIG, and rituximab for AMR, and two received anti-thymocyte globulin for CMR. Sixteen patients had multiple episodes of rejection requiring additional treatment. Rejection episodes in the non-RIT group were primarily CMR, 31 of 36 (86%). Twelve patients received anti-thymocyte globulin for CMR.
We assessed the effect of rejection on the development of subsequent infection in both groups. Seventeen (36%) patients developed an infection after rejection in the RIT group. In the non-RIT group, 15 (42%) patients had an infection after rejection. There was no statistical difference in the two groups with regards to the development and time of infection after rejection. The time to rejection was 
Discussion
Here we report infectious outcomes in a cohort of patients who received rituximab with IVIG for desensitization compared with a group of those who did not receive rituximab. Patient survival and the rate of infection was similar in the two groups. The infection rates observed are similar to what is reported in the literature (20, 22) . This is the largest cohort of rituximab-treated kidney transplant recipients examined to date for the purpose of identifying infectious complications. We note that rituximab was administered in combination with IVIG in the RIT group. This differs from other studies that have examined infection risks associated with rituximab administration in kidney transplant recipients who were already on maintenance immunosuppression and did not receive IVIG. Thus, the anti-infective properties of IVIG might account for reduced infections in this group.
Overall exposure to immunosuppression was different in the two groups. A subgroup analysis to compare outcomes on the basis of exposure to immunosuppression was performed to account for this ( Figure 3) . We also examined the additional exposure to anti-rejection therapies and found no difference. This finding is influenced by risk factors that include increased exposure to lymphocytedepleting agents in the non-RIT group and earlier timing of rejection in the RIT group. Additionally, protective factors such as more treatment with IVIG for rejection in the RIT group must be taken into account.
Kamar et al. (16) reported a fungal infection rate of 16.9% in kidney transplant recipients receiving rituximab for various indications. The fungal infections reported in their cohort were serious in nature. This contrasts the lower rate of fungal infection seen in the RIT group, which was comparable to the non-RIT group (Table 2) . Furthermore, the risk of serious fungal infection in the RIT group was 4%, and risk of death from fungal infection was 0.6%. Kamar et al. used rituximab in multiple dose regimens for several post transplant diagnoses. Here, most patients received one dose of rituximab before transplantation. In addition, all patients received PCP prophylaxis for 6 months and fungal prophylaxis for 1 month after transplant. We changed our fungal prophylaxis in patients who received rituximab and/or a lymphocyte-depleting agent and found that 85% of the fungal infections observed occurred before switching to fluconazole. However, our study was not designed for the purpose of evaluating fungal prophylaxis.
CMV infection has been reported in association with rituximab administration (14, 15) . Our findings showed no difference in the rate of CMV infection in the two groups, despite greater use of lymphocyte depletion in the RIT group. CMV prophylaxis and surveillance is a critical part of preventing complications related to CMV in the post transplant period. All of the patients in the RIT group received valganciclovir for prophylaxis by protocol. In contrast, some patients in the non-RIT group received a high dose of acyclovir for viral prophylaxis. The finding of fewer CMV infections among those in the non-RIT group who received acyclovir prophylaxis is expected because acyclovir was administered in patients at low risk for CMV. There were statistically more CMV infections in the non-RIT group when limiting our analysis to patients receiving valganciclovir prophylaxis (P ϭ 0.01). IVIG contains anti-CMV IgG, and this may help explain the overall lower number of CMV infections in the RIT group (23) .
BKV viremia is reported to occur in approximately 10 to 15% of kidney transplant recipients with a subset progressing to BKAN (24) . Kamar and colleagues found BKV infection to be the most common viral infection in rituximabtreated patients, accounting for 64% of all viral infections. In their study, all patients diagnosed with BKV viremia developed BKAN (12%) with three graft losses. Here, we also found BKV to be the most common viral infection, accounting for 40% of all viral infections. However, there was little progression and no graft losses related to BKAN. Although there was a trend toward more BKV viremia in the RIT group, the rate was similar to what is reported (24) . The development of BKV viremia in the RIT group is likely influenced by the use of lymphocyte depleting induction as a risk factor. However, the administration of IVIG may be protective. It is therefore difficult to establish the influence that rituximab has on the development of BKV viremia in this group. Surveillance for BKV is critical for preventing the development of BKAN. Early intervention with reduction in immunosuppression can improve low grade BKV viremia. IVIG is known to contain anti-BKV antibodies and has been reported to clear BKAN and improve BKV viremia (25, 26) .
The retrospective nature of this study limited our ability to provide a randomized control. In addition, the cohort is from a single center and may not reflect outcomes at other centers. The baseline characteristics, exposure to immunosuppression, and prophylaxis in the two groups are different, making a comparison difficult. However, these characteristics are representative of HS transplant recipients.
In conclusion, we did not find an increased risk of infection in patients that received rituximab with IVIG for desensitization. Antimicrobial prophylaxis, viral surveillance, and close monitoring are critical components for minimizing infectious complications. The additive antiinfective role of IVIG must also be considered.
